D-Xylose isomerases from Streptomyces violaceoruber, Streptomyces sp., Lactobacillus xylosus, Lactobacillus brevis and Bacillus coagulans were rapidly inactivated by Woodward's reagent K. Second-order rate constants in the absence of ligands, at pH 6.0 and 25°C, were 41, 36, 22, 95 and 26 M-1 min-1 respectively. Spectral analysis at 340 nm revealed that inactivation was correlated with modification of five, six, two, three and six carboxylate residues per monomer respectively. In the presence of protecting ligands, modification of one carboxylate group was prevented. The results support the idea of an active site glutamate or aspartate group that may contribute to the catalytic activity of all these D-xylose isomerases.
INTRODUCTION
Aldo-keto isomerizations act via a cis-enediol open substrate intermediate (Schray & Rose, 1971 ). An essential carboxylate residue as well as a histidine and lysine group seem to be involved in the catalytic reaction mechanism of triose-and glucose-phosphate isomerase (Shaw & Muirhead, 1976; Raines et al., 1986) . For D-xylose isomerase activity (D-xylose ketol-isomerase, EC 5.3.1.5), the presence of bivalent metal cations is an absolute requirement. In addition, evidence has been provided for the presence of a histidine residue with potential active centre functions, although its distinct role has not been elucidated (Vangrysperre et al., 1988; Gaikwad et al., 1988; Pawar et al., 1988) . Lysyl, sulphydryl, arginyl, tryptophanyl, tyrosyl and seryl side-chains are not involved in the reaction mechanism (W. Vangrysperre, unpublished work) .
The present paper considers the possibility of a catalytically important carboxylate group in D-xylose isomerase, and deals with the effects of Woodward's Reagent K (WRK), a reagent causing rapid and specific modification of aspartate or glutamate groups in proteins (Bodlaender et al., 1969; Petra, 1971) . The first step in the reaction (Scheme 1) is the irreversible formation of a ketoketenimine, which reacts with a carboxylate group to give an enol ester, showing an absorbance peak at 340 nm (Sinha & Brewer, 1985) . (Yoshimura et al., 1966) ] were cultivated as reported by Callens et al. (1985a) , Sanchez & Smiley (1975) , Yamanaka & Takahara (1977) , Yamanaka (1968) and Danno et al. (1967) respectively. The D-xylose isomerases were purified, using the procedure of Callens et al. (1985b) , with slight modifications for each enzyme source as indicated. The isolation procedure involved ammonium sulphate fractionation (40-80, 40-80, 40-80, 45-80 and (Vangrysperre et al., 1988) . incubated with 20 mM-WRK for 10 min at 25°C, after which a second portion of 20 mM-WRK was added. After 10 min of reaction, excess reagent was removed by gel filtration on PD-10 Sephadex G-25 M columns (equilibrated with 0.05 M-Tris/HCl buffer, pH 8.0) and the degree of modification was measured by the increase in absorbance at 340 nm (e 7000 M-l1 cm-1) (Sinha & Brewer, 1985) , using Tris/HCl buffer as reference. All spectrophotometric experiments were carried out with a Uvikon 810 double-beam spectrophotometer (Kontron) equipped with thermostatted (25°C) copper cuvette holders.
MATERIALS AND METHODS Materials

RESULTS AND DISCUSSION Kinetics of inactivation
The investigated D-xylose isomerases were rapidly inactivated by excess WRK at 25°C in 0.5 Msodium/potassium phosphate buffer, pH 6.0. Plots of the logarithm of remaining activity versus time resulted in pseudo-first-order kinetics ( Fig. 1) reversible enzyme-WRK complex is formed prior to covalent modification (Petra, 1971 (Fig. 3) , yielded (i) the apparent reagentbinding constants (K), (ii) the first-order rate constants at saturation of modifier (kmax,) and (iii) the second-order rate constants (k) ( Table 1 ). The latter constants were within the range of those reported for carboxylate modification of carboxypeptidase A (Petra, 1971), staphylococcal nuclease (Dunn et al., 1974) and phospholipase A2 (Dinur et al., 1981) Recently, similar effects of ligands have been reported in our modification study with diethyl pyrocarbonate (DEP) (Vangrysperre et al., 1988) , except for Mn2+ which unequivocally enhances the DEP inactivation, but slows down the WRK modification (S. violaceoruber, Streptomyces sp., L. brevis).
Quantification of modified carboxylate groups
Under the stipulated conditions as described by Sinha & Brewer (1985) (Table 4) .
Inactivation in the presence of protecting ligand further indicated that modification of one carboxylate residue was prevented, with maintenance of enzyme activity (Fig. 5, Table 4 ).
The fact that modification of one carboxylate group (Vangrysperre et al., 1988; Gaikwad et al., 1988 , Pawar et al., 1988 , one carboxylate group may contribute to the catalytic activity.
The distinct roles of the active site histidine and carboxylate group have not yet been elucidated. To evaluate their specific roles, the use of site-specific mutants and extensive structural information will be required.
